A large fraction of galactic nuclei is expected to host super massive black hole binaries (SMBHB), which are expected to form copiously during galaxies assembly and merging. Massive star clusters (GCs) are expected to segregate toward the galactic centre due to dynamical friction, which likely leads them to undergo strong interactions with the SMBHB. As a consequence of such repeated gravitational encounters, the infalling GCs and the SMBHB exert a reciprocal feedback that can shape significantly their global properties. The GC debris deposited around the SMBHB can boost its orbital hardening, and, at the same time, can give rise to a bright nuclear cluster, in dependence on the tidal force exerted by the SMBHB. Performing a wide set of state-of-art numerical models, we investigated the role played by the SMBHB and GC structural and orbital properties in carving the galactic nucleus. We found that the SMBHB hardening is maximized when the GC moves on a retro-grade orbit respect to the SMBHB, and that such events can leave their fingerprints in the distribution of compact remnants and star tidal disruption events rate. These events may be observable with present and future experiments for gravitational waves and high-energy signals detections. We discuss the implications of this scenario for the fate of the Milky Way and the Andromeda SMBHs.
INTRODUCTION
It is well established that most of the galactic nuclei over the whole Hubble sequence harbour super-massive black holes (SMBHs) with masses in the range 10 6 − 10 10 M⊙. SMBHs likely form at high redshift, after a few (1-2) Gyr after the Big Bang, although their formation process is still partly unknown. Uncovering the processes that regulate the formation of SMBHs can allow shedding light on galaxy formation and evolution. According to the standard Λ cold-dark matter (ΛCDM) cosmological theory, galaxies assembly in a hierarchical fashion, undergoing several mergers with each ⋆ E-mail: m.arcasedda@ari.uni-heidelberg.de other over their whole life-time. When two colliding galaxies host at their centre an SMBH, their subsequent evolution inevitably leads to the formation of a super-massive black hole binary (Begelman et al. 1980) . Another common feature of galaxies across the entire Hubble sequence is the presence, in their centre, of a massive and compact stellar cluster referred to as nuclear cluster (NSC) . NSCs are the densest stellar systems observed so far, with typical masses of ≈ 10 6 −10 8 M⊙ and half-mass radii of ≈ 2−5 pc (Böker et al. 2002; Côté et al. 2006; Turner et al. 2012; Georgiev & Böker 2014) . NSCs are made up of a predominant old stellar population (τ > 1 Gyr) and show also the presence of a young stellar population (τ < 100 Myr) (Rossa et al. 2006) . The link between the formation and evolution of galaxies, of their c 2017 The Authors stellar nucleus and (possible) SMBH or SMBHB is still a debated topic. The presence of NSCs and SMBHs, which sometimes co-exist in galactic nuclei, suggest that they are part of the same family of compact massive objects (CMOs).
Comparing SMBHs and NSCs scaling relations can help to shed a light on their formation processes. The observed difference in the MCMO − σg correlation, connecting the CMO mass and the galaxy velocity dispersion (Scott & Graham 2013; Leigh et al. 2012; Erwin & Gadotti 2012; Georgiev et al. 2016; Capuzzo-Dolcetta & Tosta e Melo 2017) , suggests that NSCs and SMBHs follows different pathways (Antonini 2013; Arca-Sedda & Capuzzo-Dolcetta 2014a; Capuzzo-Dolcetta & Tosta e Melo 2017) .
Galaxy with masses 10 8 M⊙ show no observational evidence of any central object. Larger mass galaxies (masses 10 10 M⊙) seem to host preferentially an NSCs, while SMBHs reside in the nuclei of even more massive galaxies (masses 10 11 M⊙). The transition from nuclei harbouring NSC and nuclei harbouring SMBH seems to occur when the SMBH mass is larger than the NSC mass (Neumayer & Walcher 2012) . Galaxies with masses in between (masses 10 10 − 10 11 M⊙) contain either an NSC, an SMBH or both of them (Graham & Spitler 2009 ). As an example, the Milky Way hosts both an SMBH of ≈ 4 × 10 6 M⊙ and a NSC of ≈ 2 × 10 7 M⊙. The orbital segregation of globular clusters (GCs) toward the galactic centre is thought to be one of the leading mechanism for NSC formation. According to the so-called "dry-merger" scenario, during the galaxy life-time several GCs undergo dynamical friction and reach the galactic centre, where they merge together to give rise to a dense NSC (Tremaine et al. 1975; Capuzzo-Dolcetta 1993; Capuzzo-Dolcetta & Miocchi 2008a,b; Antonini et al. 2012 ; Arca-Sedda & Capuzzo-Dolcetta 2014a; Neumayer & Walcher 2012; Antonini 2013; Arca-Sedda & Capuzzo-Dolcetta 2017d,c) .
It has been shown that such a scenario excellently explain the presence of NSCs in terms of structural properties Antonini et al. (2012) ; Perets & Mastrobuono-Battisti (2014) ; Antonini (2013) ; Arca-Sedda et al. (2015) and observational scaling relations (Arca-Sedda & Capuzzo-Dolcetta 2014a;
Capuzzo-Dolcetta & Tosta e Melo 2017; Georgiev et al. 2016 ). Such mechanism is very general, and it has been shown to lead to NSC formation in very short time-scale ( 100 Myr), if an SMBH is either present or absent in the galactic centre (Arca-Sedda et al. 2015) . Moreover, it allows explaining the evolution of dwarf galaxies nuclei , 2017d , the rotation observed recently in the Milky Way NSC (Tsatsi et al. 2017 ) and the low fraction of galaxies heavier than 10 11 M⊙ hosting a NSC (Antonini 2013; Arca-Sedda & Capuzzo-Dolcetta 2014a; Arca-Sedda & Capuzzo-Dolcetta 2017d,a) .
The presence of young stars in the Milky Way's NSC suggests that stars may also form in situ as due to radial gas inflow into the galactic centre (Rossa et al. 2006; King 2003; Milosavljević 2004) , although the observed γ and X ray emission from the Galactic centre suggests that the dry-merger scenario is the dominant process at play (Arca-Sedda et al. 2017; Fragione et al. 2017a ; Abbate et al. 2017 ). The drymerger scenario also provides hints for the possible presence of intermediate mass black holes in the NSC (Fragione et al. (2017b) , Arca Sedda and Gualandris, in prep.) and a satisfactory explanation for the presence of a rich population of RR Lyrae stars and red giant stars (Minniti et al. 2016) , although there is some tension with different observations (Dong et al. 2017) .
While it is well ascertained how NSCs and SMBHs evolve and relate to their host galaxies, the long-term evolution of MBHBs and their implication for the physics of galaxy nuclei is still a debated topic.
SMBHBs are believed to undergo three main stages during their lifetime. Soon after their parent galaxies merge, they sink independently due to dynamical friction in the centre of the newborn galaxy, eventually leading to the formation of a binary system on a dynamical friction timescale. Once in the galactic nucleus, the binary starts loosing energy and angular momentum due to three-body slingshots of stars passing nearby. The duration of this stage is still highly uncertain and depends on the loss-cone refill of the scattered stars, and the SMBHB binary may stall at parsec scale. The last stage is characterized by the energy loss due to gravitational radiation and the SMBHB will merge within the Peters (1964) timescale. Several mechanisms have been proposed to solve the so-called "final parsec problem", as a triaxial morphology of the environment surrounding the SMBHB (Berczik et al. 2006; Khan et al. 2012; Vasiliev et al. 2015; Khan et al. 2016; Bortolas et al. 2016; Dosopoulou & Antonini 2017) .
In the context of galaxies hosting an SMBHB, the drymerger scenario is still poorly investigated. This is due to the extreme computational complexity hidden behind the physical problem, since it involves different space and time scales, from the SMBHB pc scale to the kpc scale of the host galaxy. Recently, the overwhelming increase in the computational capacity of graphic processing units (GPUs) and the development of dedicated software to maximize their use, lead to the possibility to integrate such a problem keeping a good compromise between the computational cost and the reliability of the model.
There are a number of reasons for which the drymerger scenario for SMBHBs is a worth problem to be investigated. For instance, during the MBHB evolution, GCs can undergo several close fly-by which can have crucial implications on the evolution of both the GC and the MBHB. As first discussed in Fragione & Capuzzo-Dolcetta (2016) , a GC scattering over a MBHB can lead to the production of high-velocity stars with velocities exceeding ∼ 1000 km s −1 , a phenomenon similar to strong GC-SMBH interactions investigated in earlier studies Capuzzo-Dolcetta & Fragione 2015; Arca-Sedda & Capuzzo-Dolcetta 2017b) .
Hence, repeated star cluster infalls can significantly affect the morphology of the SMBHB surroundings possibly altering its own dynamics and enhancing its hardening rate. Two different class of interactions can turn the binary onto a new hardening phase: an impulsive interaction, which develops during the cluster passage at pericentre and extract energy and momentum from the SMBHB, and a secular interactions, which is exerted from the cluster debris deposited around the SMBHB over time. Both the mechanisms can push the SMBHB towards a hardening phase, which may ac-celerate the SMBHB coalescence together with other factors, such as the presence of a gaseous disc around the binary.
In this paper, we make use of direct N-body simulations to investigate how repeated scatterings of a massive star cluster over an SMBHB may affect the evolution of the binary and the galactic nucleus. We discuss the impact of GC flybys on the SMBHB, the possible formation of the NSC around the SMBHB and the distribution of compact remnants delivered from the infalling GC to the galactic centre. Varying SMBHB total mass and mass ratio and its orbital properties, the GC mass and orbits and the mutual configuration between the SMBHB and GC orbital planes, we can constrain the parameters space that can results in the SMBHB merging or the formation of a NSC. Our paper enlarges and generalizes results of a recent paper by Bortolas et al. (2017) on a similar topic.
The paper is organized as follows. In Section 2, we present the numerical method we use to handle the problem. In Section 3, we present our results. In Section 4, we discuss the implication of our results. Finally, we draw our conclusions in Section 5.
NUMERICAL METHOD

Initial conditions
In this paper we investigate the evolution of a SMBHB subjected to the perturbation of a massive GC. We took into account the tidal field of the background galaxy, treating it as an external static potential. The star cluster is modelled according to a (King 1962) profile, while the total number of particles is limited to 2 16 ≃ 65k. The parameter space associated to such a problem is gigantic. In fact, the SMBHB is characterised by at least four parameters: binary mass MSMBHB and mass ratio qSMBHB, semi-major axis aSMBHB and eccentricity eSMBHB. The GC, instead, can be constrained through its potential well W0 and total mass M . According to the King (1962) models, fixing W0 corresponds to fix the cluster concentration parameter c = rc/rt, given by the ratio between the core (rc) and tidal (rt) radius. On another hand, the tidal radius depends on the cluster orbit through the relation
being Ω is the GC angular velocity, and d 2 U/dr 2 the second order derivative of the background gravitational field. In the simplest approximation that the SMBHB separation is much smaller than its distance from the GC and that it dominates the dynamics, the equation reduces to
being r0 the cluster pericentral distance. Once the GC orbit is assigned, the tidal radius can be calculated and combined with the value of W0 chosen in order to get the GC rc.
Another degree of freedom is represented by the GC pericentre rp and eccentricity e, as well as the orbit inclination with respect to the SMBHB orbital plane, i, and the mutual orientation of the two orbital ascending nodes ω.
Finally, the galaxy background can significantly alter the first part of the GC orbital evolution. According to the widely used Dehnen (1993) models, the galactic density profile can be described as
where Mg, rg represents the galaxy mass and length scale, respectively, whereas γ represents the inner slope of the density profile. Therefore, a lower limit to the total number of parameters needed to characterize such a system is given by the sum of the SMBHB parameters (4), the GC structural and orbital properties (6) and the galaxy parameters (3). Assuming only 3 values for each parameter would imply then a total number of 13 3 ∼ 2200 different models. In order to keep the number of models reasonable in terms of computational request and human times, we limited the number of degrees of freedom in our problem as follows:
• we assumed an equal mass SMBHB and kept fixed its semi-major axis;
• we fixed the GC W0, M and rp;
• we assumed the GC and SMBHB orbits in a coplanar, counter-rotating configuration;
• we fixed the galaxy background.
This reduced our problem to only three parameters: the SMBHB mass MSMBHB and its eccentricity, eSMBHB, and the GC eccentricity e. As discussed in the following, we also allowed in some cases a different initial configuration for the SMBHB-GC system, either in prograde or retrograde motion, to investigate its effect on the binary evolution.
We assumed two different values for MSMBHB = 10 7 − 10 8 M⊙, three values for eSMBHB = 0, 0.5, 0.9 and two for e = 0.5, 0.9, thus implying 12 different sets of initial conditions. In addition, we ran three models in which the GC and the SMBHB orbital planes are in a co-rotating configuration (i = 0), and one in which the binary mass ratio is qSMBHB = 0.1, namely MBH,1 = 10 7 M⊙ and MBH,2 = 10 6 M⊙. The GC density profile is described by a King model with W0 = 6 and core radius rc = 0.24. The SMBHB separation is fixed at 1 pc, while the GC orbit is kept in such a way that its pericentre is twice the binary separation, 2 pc.
The galaxy model is assumed to be described by a Dehnen (1993) model with total mass Mg = 10 11 M⊙, length scale rg = 2 kpc and inner slope of the density profile γ = 0.1, similar to the model presented in ) and (Arca-Sedda & Capuzzo-Dolcetta 2017d), which represent two reference works for GC -single SMBH interactions.
The models main parameters are summarized in Table  2 .1. Note that the definition of the inclination angle i is as the one between the SMBHB and the GC orbital angular momentum vectors, where i = 0 corresponds to prograde and i = π to retrograde configurations.
The simulations have been carried out using both the HiGPUs (Capuzzo-Dolcetta et al. 2013 ) and PhiGPU (Berczik et al. 2011 ) direct N-body codes, based on Hermite's integration schemes (6th and 4th order, respectively) and tailored to fully exploit the advantages of graphic processing unit computing. We performed several test-runs to compare the codes, finding a remarkably good agreement both in terms of outputs quality and computational resources consumption. In order to investigate possible spurious effects on the GC orbit, related to the relatively low number of particles used to model it, we ran some tests at varying particle numbers up to 131 k particles. As shown in Figure 1 , the mass lost by the GC as it travel toward the SMBHB seems to converge above 65k, thus indicating such a value as a good compromise between modelling reliability and computational time needed.
The recent advancement in direct N-body modelling recently allowed to achieve the "1 million particle" goal in the field of GC modelling (Wang et al. 2016 ) and galactic nuclei (Arca-Sedda et al. 2015; Arca-Sedda & Capuzzo-Dolcetta 2017c,d) . However, the problem investigated here differs from earlier works due to the multiple physical scales involved in the evolution, that must be treated at the same time. This translates in an enhanced computational complexity dictated by the evolution of the subsystem characterized by the smaller time-scale, i.e. the SMBHB. We carried out our simulations up to 15 Myr, a time much larger than the maximum SMBHB orbital period in our models.
We took advantage of ASTROC16a and ASTROC16b, two high-performance computing workstation at the University of Rome Sapienza Physics department, hosting 4 GPU Nvidia Titan X each, the Kepler cluster, composed of 12 nodes hosting an Nvidia 20K card and the Jureca cluster, a large computational facility comprising up to 74 nodes hosting 2 Nvidia 40K cards each, provided by the Juelich computing centre.
Each simulation requires roughly 80 hours to be carried out on a single Nvidia 40K; this immediately outlines the importance of using a relatively low N to model the cluster, and the importance of using GPUs.
RESULTS
The impact of GCs flyby on the SMBHB evolution
In this section we focus the attention on the perturbations that the infalling GC induces on the SMBHB. Figure 2 shows several snapshots of one of the performed simulations, making evident the GC disruption shortly after its passage at pericentre. Several stars bind to the SMBHB and populate the loss-cone, thus stealing energy and angular momentum from the binary and turning on a hardening phase. An isolated binary composed of point-like objects, which loses energy and angular momentum through GWs emission undergoes coalescence on a time-scale (Peters 1964) 
as a consequence, a significant reduction of the SMBHB semi-major axis, or the increase of its eccentricity can reduce significantly the amount of time needed for the SMBHs to merge. In all the investigated models, the GC impinges a nonnegligible acceleration on the binary, causing its hardening and, in some cases, leading to an excitation of the binary orbital eccentricity. In Fig. 3 we show the time evolution of aSMBHB, normalized to its initial value, and the quantity 1 − e 2 SMBHB , proportional to the binary coalescence timescale (Peters 1964) , in some of the models investigated characterized by MGC/MSMBHB = 0.1. The figure outlines at a glance two important information: i) the GC actually affects the binary evolution, and ii) the efficiency of the GC-SMBH interaction depends on both the GC and SMBHB eccentricities.
In the case of a zero-eccentricity SMBHB, we found that the factor 1 − e 2 SMBHB is not significantly affected by the GC motion, quite independently of the GC orbital eccentricity. Differently, when eSMBHB > 0 the GC orbital motion affects significantly the SMBHB late evolution. Indeed, in this case, the 1 − e 2 SMBHB term sharply decreases down to ∼ 60% of its initial value for high GCs eccentricities. This effect is enhanced for moderate values of e, leading such term to ∼ 30% of its initial value. This implies that the SMBHB eccentricity grows over time, thus causing a periodic decrease of the SMBHB pericentral distance and, consequently, the amount of energy carried away at each orbital cycle. The SMBHB semi-major axis decreases depending on eSMBHB, while its dependence on the GC eccentricity is less effective. Interestingly, aSMBHB decreases more in the case of a circular SMBHB than in an initially eccentric configuration. Note that the initially sharp decrease observed in all the cases marks the moment in which the GC impacts the SMBHB. This time-scale separates two different evolutionary regimes for the SMBHB: an initial "violent" phase, which cause an abrupt decrease of aSMBHB and increase of eSMBHB due to the GC flyby, and a second "secular" phase, driven by the interaction with GC stars.
When the GC to SMBHB mass ratio is 0.01, we found basically the same behaviour, but the hardening efficiency is much smaller, as expected from the smaller value of MGC/MSMBHB. This is evident in Figure 4 , which shows the aSMBHB and eSMBHB time evolution for two models which differ only in the SMBHB mass.
As stated above, in all our models the SMBHB is assumed to be an equal mass binary, but one, where the SMBHB mass ratio is set to 0.1. In the latter run, the SMBHB total mass is 1.1×10
7 M⊙, i.e. the secondary SMBH has the same mass of the infalling GC, and we assumed eSMBHB = 0 and eGC = 0.5. Figure 5 shows how aSMBHB varies in time in this case, compared to the evolution of the corresponding model with 10 7 M⊙.
A smaller mass ratio is characterised by a larger hardening rate, while the evident shift between the two curves in Figure 5 5 is related to the time normalization factor, which we chose as the SMBHB period, slightly different in the two runs. Figure 3. Time evolution of the SMBHB semi-major axis in 6 of the models investigated (left panels) and the corresponding time evolution of the ratio 1 − e 2 SMBHB , normalized to its initial value (right panels). Top panels refer to models with e GC = 0.5, while bottom panels are characterized by e GC = 0.9. The time is normalized to the SMBHB initial orbital period, T SMBHB .
Another important assumption of almost all our models is that the GC orbit is coplanar and its inclination with respect to the SMBHB orbit is set to 180
• , i.e. it moves on a counter-rotating orbit. In order to investigate the effect of this configuration on the SMBHB evolution, we ran three models in which the GC orbital inclination is set to 0, as such to have initially a co-rotating orbit. Figure 6 compares the SMBHB semimajor axis and eccentricity evolution in coand counter-rotating systems. The comparison outlines two important information:
• co-rotating configurations allows a more efficient decrease of aSMBHB;
• co-rotating configurations leads the SMBHB orbit to circularize.
In all the co-rotating configurations that we modelled, we found the same trend, independently on the SMBHB mass or the GC eccentricity.
In the reference case shown in Figure 6 , we found that prograde orbits affect mostly the evolution of aSMBHB, although it is only 5% smaller than in the retrograde case. On another hand, the orbital configuration has significantly different effects on the SMBHB eccentricity evolution. Indeed, while prograde orbits tends to decrease eSMBHB, driving the SMBHB toward circularization, retrograde configurations boost the SMBHB eccentricity increase up to eSMBHB = 0.7. As a consequence, the product a
7/2 decrease much faster in counter-rotating systems than in co-rotating, thus reducing more efficiently the GW time-scale. In the example shown above, the final tGW in the retrograde model is ∼ 37 times smaller than in the prograde case. Hence, counterrotating configurations seems to enhance the SMBHB contraction and, possibly, their coalescence.
The SMBHB eccentricity increase driven by retrograde orbits is related to the combined action of the SMBHB gravitational field and of the outer star. Indeed, as each star in the GC approaches the SMBHB, it is subjected to a periodic oscillation of the gravitational field in which it is travelling, which leads to torque exerted perpendicularly to the star orbital plane (Merritt et al. 2009 ). In the case of an unequal mass SMBHB, this effect causes a change in the secondary SMBHB angular momentum and, in turn, a variation of the orbital eccentricity. As shown by Sesana et al. (2011) through three-body scattering experiments and theoretical arguments, the resulting eccentricity variation has different amplitude and sign in co-rotating and counter-rotating configurations, leading to an increase in the counter-rotating case. Recently, Holley-Bockelmann & Khan (2015) found the same behaviour modelling the evolution of an SMBHB embedded in a rotating galaxy disc, on kpc scales.
Our models demonstrate that this effect still works efficiently on pc scales, driving, as we will show in the next section, the SMBHB to coalescence in several cases. The distribution of stars angular momentum in the phase space is well defined after the GC passage at pericentre, and strongly depends on its initial inclination, as shown in Figure 8 . Due to the co-planarity assumption, initially both the SMBHB and GC angular momentum vector lies on the z-axis. After the GC flyby, some stars gain a small component on the x and y axes, while their distribution in the Lz − L plane changes significantly depending on the initial GC inclination. Note that the cluster stars in the counter rotating system distribute in a more concentrated region of the phase space, with almost all the stars having 1 < L/LSMBHB < 3.5. Also, the angular momentum diffusion seems more efficient, with stars gaining non-zero x and y components. At low inclinations the stars angular momentum spans a wider range, with values 0 < L/LSMBHB < 6, but its diffusion is less evident. This difference can have interesting implications in the framework of high-velocity stars (HVSs) production. We notice that in all the models investigated the GC-SMBH flyby drives the ejection of several stars with velocities varying between 10 2 − 10 3 km s −1 , compatible with observed high and hyper-velocity stars (HVSs). A typical example of HVSs produced through this channel in our simulations is shown in Figure 7 .
Although a detailed study of the relations between HVSs and GC-SMBHB is out of the scopes of this paper, we notice here that the close interaction can actually produce a non-negligible number of objects with velocities much larger than the galaxy local escape velocity, expected to be of the order of a few 10 2 km s −1 at length scale ∼ 1 kpc for most of the observed galaxies.
Several stars moving with velocities of hundreds of km s −1 have been spotted in the Milky Way halo (Brown et al. 2006 (Brown et al. , 2012 (Brown et al. , 2014 . Although their origin is still debated, it is commonly believed that it is most likely dynamical, and involves the galactic SMBH (Hills 1988; Fragione & Sari 2017) . A HVSs origin driven by GC impacting single or dou- Fragione et al. 2017c) . Moreover, large samples will be able to constrain the Galactic potential and dark matter content (Fragione & Loeb 2017) and planetary dynamics in extreme conditions (Fragione & Ginsburg 2017) .
While present observations are limited to young stars in the Milky Way outer halo, the upcoming data by the GAIA 1 satellite will allow spotting a larger number of these objects thanks to detailed measurements of their proper motion (Marchetti et al. 2017 ).
As discussed above, the GC debris accumulate around the SMBHB causing in several case its hardening, with an efficiency that depends on the set of initial conditions assumed. In order to determine the significance of such an effect on the SMBHB coalescence, we plot in Figure 9 the ratio between the initial and final value of tGW, as evaluated through equation 4, as a function of the SMBHB pericentre, normalized to the GC apocentre. All the points are calculated at an integration time 10 3 times the SMBHB initial orbital period. We note that in co-rotating systems the SMBHB evolution is weakly affected by the GC, even softening in one of the tested cases. Regarding counter-rotating configuration, the maximum efficiency in the SMBHB hardening is achieved for GCs moving on a mildly eccentric orbit, eSMBHB ∼ 0.5, and the SMBHB eccentricity is high. In this case, the GW time-scale reduces by a factor 100, quite independently on the SMBHB mass, which for the 1 http://sci.esa.int/gaia/ Figure 8 . Angular momentum of GC stars after its disruption. The SMBHB mass in this case is 10 8 M ⊙ , while the eccentricities are e SMBHB = e GC = 0.5.
MSMBHB = 10
8 M⊙ model translates into tGW = 5.4 Gyr, smaller than a Hubble time.
Our results points out that the GC impact can potentially enhance the SMBHB hardening rate and facilitate its merger, especially in the case in which the binary has an initially high eccentricity.
Recently, Bortolas et al. (2017) conducted a similar work, modelling the evolution of a young cluster with mass 8 × 10
4 M⊙ impacting the SMBHB on a purely radial or highly eccentric orbit (e > 0.75) moving in a co-planar or perpendicular configuration. Their cluster model is initially characterized by a broad mass spectrum and a phase-space distribution drawn accordingly to a King (1962) model with W0 = 5 and core radius 0.4 pc. Their SMBHB is an equal mass binary with total mass 10 6 M⊙ moving on a circular orbit. We note that the SMBHB-to-GC mass ratio in this case is 0.04. As we did, the authors take into account the effect of an external potential, modelled according to a Dehnen potential tailored to the Milky Way galactic halo. In their simulations, Bortolas et al. (2017) found that only purely radial orbits can bring the SMBHB in the GW emission regime, while clusters moving on eccentric orbits only marginally affect the SMBHB evolution.
We stress here that our 16 models allow investigating a much larger portion of the phase-space. Our investigated SMBHB-to-GC mass ratio range in between 10 −2 − 10 −1 , thus including the Bortolas et al. (2017) models, while our galaxy and SMBHB assumptions are tailored to a massive elliptical galaxy, rather than the Milky Way halo. Moreover, we briefly discuss the importance of the SMBHB mass ratio, modelling the future evolution of the massive SMBHB that will form in consequence of the Milky Way and Andromeda galaxy merging. Some of our results overlap with Bortolas et al. (2017) paper, thus providing a further confirmation of the agreement between the different numerical methods used. We note that our results based on circular SMBHB and MSMBHB/MGC = 0.01 are in good agreement with their results, as we did not find any significant shrinkage of a circular SMBHB interacting with a GC moving on an eccentric orbit but, on another hand, we found that this effect works much more efficiently at higher SMBHB-to-GC mass ratio and non-zero SMBHB eccentricities. The condition of having eSMBHB > 0 is supported by the fact that the two SMBHs likely bound together in consequence of a galaxy merger, thus the SMBHs mutual orientation when they come sufficiently close to form a binary system are inherited, at least in part, from the original galaxy merger configuration. Our results suggest that if the SMBHB undergoes a strong scattering with a massive perturber before it circularize, the effect can be sufficiently strong to induce the SMBHB to coalesce within a few Gyr.
In the next section we focus on the dynamical feedback that the SMBHB impinges on the GC stellar debris.
The possible formation of a NSC around a massive SMBHB
After the GC flyby, some stars bind to the SMBHB and contribute to its hardening, while some other are pushed on larger orbits. In all the models, the GC debris assume a disc structure, characterized by several "rings" of stars which are accelerated by the SMBHB (see Figure 10) . The lifetime of such a structure depends on the SMBHB mass and eccentricity, being efficiently disrupted at higher values of MSMBHB.
An efficient deposit of mass from infalling dense clusters is at the basis of the NSC formation in the framework of the so-called "dry-merger" scenario (Tremaine 1976; Capuzzo-Dolcetta 1993) . However, its validity has not been investigated extensively in galaxy models hosting a massive SMBHB. Using numerical simulations, Bekki & Graham (2010) showed the evolution of a massive SMBHB can efficiently heat a NSC after a galaxy merger, leading to its erosion and disruption. However, it is not clear whether the NSC can re-generate due to the infall of a star clusters after the SMBHB formation.
Our current knowledge of star clusters formation and evolution suggests that the total mass in GCs is roughly 1% of the total hosting galaxy mass (Harris 2010) . Therefore, a galaxy with typical mass of 10 11 M⊙ is expected to host ∼ 
where g(e, γ) is a function of the GC orbital eccentricity eGC and the galaxy density slope γ. Under the assumption that GCs distribution in the phase space follows the galaxy distribution, it is possible to show usign Equation 5 that ∼ 16% of the GCs undergo orbital decay within a Hubble time. For the sake of clarity, we show the orbital decay time-scale t df in Figure 11 for a subsample of 300 GCs in our galaxy model. Among them, only 0.33% reach the galactic centre within 1 Gyr, making possible the accretion of GCs after a galaxy merger, and the consequent SMBHB formation. On another hand, the energy transfer from the SMBHB to the surrounding stars can be sufficiently efficient to prevent the formation of any central overdensity.
A good proxy to follow the possible formation of an NSC seed into the galactic nucleus is represented by the mass accumulated within the inner few pc around the SMBHB. Figure 12 shows the time evolution of the mass deposited within 2 pc from the SMBHB at varying values of eSMBHB, for MSMBHB = 10 8 M⊙ and eGC = 0.5. The evident peaks presents in the three cases marks the time at which the GC reach the galactic centre. Since the time here is normalized to the SMBHB orbital period , which varies accordingly to eSMBHB and the semi-major axis, the peaks are not overlapped. After the GC passage at pericentre, some mass continues moving on its orbit, leaving the 4 pc sphere, while nearly the 40% of the cluster mass remain "trapped" around the SMBHB, being gradually depleted over time and reducing to less than 20% in all the cases, as shown in the top panel of Figure 12 . This depletion is likely due to the slingshot of stars operated by the SMBHB. Looking at the central and bottom panels, which show the time evolution of the GC mass enclosed within 10-20 pc from the SMBHB, makes evident the efficiency of the slingshot effect. The carving action of the SMBHB seems at its minimum efficiency when eSMBHB = 0.9, but allow to pack in the inner 20 pc of the galaxy a significant fraction of the GC mass, ∼ 40 − 50%. On another hand, it is quite clear from the plots that the star removal operated by the SMBHB in our simulations has not saturated, and works still efficiently on a time-scale ∼ 10 3 times the SMBHB orbital time. This effect is even more efficient when MSMBHB = 10 8 , as in this case the mass accumulated within 10 pc from the SMBHB barely exceeds 10%, as shown in Figure 13 .
Also the relative inclination of the GC orbit matters in determining the fate and the shape of the NSC. Figure 14 shows the enclosed mass (within 4 pc) in two models initially moving in a counter-and co-rotating configuration. It is evident that co-rotating orbits seems to deplete mass from the SMBHB more efficiently, although the long term evolution of the enclosed mass seems to converge to a common trend. This is likely due to the fact that after several SMBHB orbits the orbital parameters of the GC stellar debris lose information of their initial orbital configuration, due to the SMBHB tidal field.
The GC mass enclosed within 4 pc from the SMBHB is shown in Figure 15 for all the models investigated. From our data, it seems that the deposited mass increases at increasing values of the ratio between the SMBHB pericentre and the GC apocentre. In all the cases, the mass deposited in the SMBHB surroundings never exceeds the 20% of the total cluster mass. This numbers are in agreement with earlier numerical and theoretical modelling ( Figure 13 . GC Mass, normalized to its initial value, enclosed within 4 pc from the SMBHB in two models with M SMBHB = 10 7 M ⊙ (red solid line) and 10 8 M ⊙ (blue dashed line). Top panel refers to e GC = 0.5 and e SMBHB = 0.9, while in bottom panels e GC = 0.5 and e SMBHB = 0. Figure 14 . Deposited mass in the case of M SMBHB = 10 7 M ⊙ , e GC = 0.5, e SMBHB = 0.9 in an initially counter-rotating (red straight line) and co-rotating configuration (blue dotted line).
to the high tidal disruption efficiency operated by the compact object sit in the centre of the galaxy, either a single or double SMBH with mass ≥ 10 8 M⊙. Figure 15 . Normalized GC mass enclosed within 4 pc from the SMBHB after 10 3 T SMBHB , as a function of the ratio between the SMBHB pericentre and the GC apocentre. The color-coded map refers to the GC eccentricity, while at larger points correspond larger e SMBHB values. Circle refers to M SMBHB = 10 8 M ⊙ , while triangles to M SMBHB = 10 7 M ⊙ . Open symbols identifies counterrotating models, while filled symbols are dedicated to co-rotating models.
The distribution of compact remnants around the SMBHB
Our models represent a simplified simulation of a GC orbiting a SMBHB placed in the centre of a massive galaxies. The galaxy gravitational field is taken into as an external static potential, and the cluster is represented by 65k single mass particles. Moreover, neither stellar evolution nor a detailed treatment for stellar close encounters have been included here. Although these limitations, we can make use of our simulations to make predictions on the possible distribution of compact stellar objects around the SMBHB.
Stars passing sufficiently close to the SMBHB can be tidally disrupted or, possibly, completely swallowed. A tidal disruption event (TDE) occurs whenever the stars, with radius R * and mass M * , passes near the SMBHB closer to a typical radius, called tidal radius or Roche radius:
with η = 0.8 (Merritt 2013 ). TDEs are often followed by the emission of an X-rays flare with a time-scale of a few years. Nowadays, the detection of these strong signals represents a unique possibility to infer clues on the central SMBH mass and structure (Vinkó et al. 2015; Kochanek 2016; Yang et al. 2016; Metzger & Stone 2016) . Main sequence stars mass and radius are linked by a simple power-law
with α and β depending on the stellar mass (Demircan & Kahraman 1991; Gorda & Svechnikov 1998) . Substituting into Eq. 6 we find
being rS the Schwarszchild radius of a SMBH having a mass equal to the SMBHB mass. Assuming MSMBH = 10 8 M⊙, Eq. 8 implies that stars with mass smaller than 0.88 M⊙ are swallowed by the SMBH before the gravitational pull rips it apart (direct plunge), while heavier stars can give rise to a TDE.
The presence of an SMBHB can even boost TDEs, as recently shown by Li et al. (2017) Figure 17 shows the ratio between the stars pericentre and their tidal radius, calculated assuming a sun-like star reference, as a function of their angular momentum normalized by the SMBHB initial angular momentum. It is worth noting that fTDE ∼ 2% of the particles in our models have rp ≃ 10rR, thus representing good candidates to undergo a TDE. A rough estimate of the number of TDE expected from one single flyby can be derived through the simple relation:
being m * the mean stellar mass and f⊙ the fraction of stars having a sufficiently large mass to avoid a direct plunge into the SMBHs (∼ 1M⊙).
If we assume a 10 6 M⊙ GC and a Salpeter (1955) mass function with slope s = 2.35, for the sake of simplicity, the fraction of stars with masses in between M1 = 1M⊙ and M2 = 4M⊙ is simply given by:
where MM and Mm are the maximum, and minimum, stellar mass. Assuming standard values for the limiting masses MM = 150M⊙ and Mm = 0.1 implies f⊙ = 3.8%. Substituting the relevant quantities, NTDE ≃ 1.5 × 10 3 . If ∼ 18% of GCs in a massive galaxy undergo a close encounter with the SMBHB, as suggested above, we get roughly ≃ 2 × 10 6 events per galaxy, in the galaxy range of masses above 10 11 M⊙ and assuming a GC average mass of 10 5 M⊙. The time-scale of these events is roughly given by the relaxation time, which for a single SMBH can be roughly calculated as (O'Leary & Loeb 2012; Stone 2014) tr ≃ MSMBH 10 5 M⊙
5/4
Gyr,
at the SMBH influence radius. Taking the same prescription for an SMBHB, we find then a TDE rate for our model of roughly
for MSMBHB = 10 7 M⊙, an order of magnitude lower than for single SMBH with the same SMBHB mass ). The discrepancy is partly alleviated at larger SMBHB masses, as shown in Figure 16 , due to the increasing number of GCs at larger galaxy masses.
Our models can be also used to constrain the distribution of stellar BHs delivered from the infalling GC in the SMBHB surroundings. In order to do so, we firstly should estimate how many BHs are expected to form in the GC life-time. Taking advantage from the BSE stellar evolution tool (Hurley et al. 2000) , that we conveniently modified Figure 16 . TDE rate as a function of the SMBHB mass compared with observational estimates provided by Stone et al. (2016) for galaxies hosting single SMBHs. Figure 17 . Stars pericentre, normalized to the tidal radius of a sun-like star, as a function of their angular momentum, normalized to the SMBHB initial angular momentum. The models refer to M SMBHB = 10 8 and e SMBHB = 0.5. Red dots are related to e GC = 0.5, while blue dots refer to e GC = 0.9.
to include stellar wind prescriptions for massive stars provided by Belczynski et al. (2010) , we found that the minimum mass for a stellar BH to form via single-star stellar evolution is M bht ∼ 18M⊙, in good agreement with recent mass estimates provided in literature (see for instance Spera et al. (2015) . According to a standard Kroupa (2001) mass function, the number of stars with mass above M bht is N bh = 2.4 × 10 −3 NGC, being NGC the total number of stars in the cluster. For a mean stellar mass of 0.62M⊙ and MGC = 10 6 , this implies N bh = 3871 BHs. Promptly after their formation, BHs can receive a kick velocity as high as 10 2 km s −1 . However, currently is not completely clear the fraction of BHs receiving a kick sufficiently large to be ejected from the GC. Indeed, several studies pointed out recently that the "BHs retention fraction" is significantly larger than previously thought, reaching values significantly larger than 50% (Morscher et al. 2015; Peuten et al. 2016) .
In our simulations, we picked N bh points in the GC initial conditions set and followed their evolution around the SMBHB. We followed two different "picking" procedures:
• particles are picked randomly in the whole cluster;
• particles are picked randomly within the cluster core. We labelled each selected particle as a BH, and calculated the global properties of such mock group. This choice allow us exploring two extreme possibilities: i) BHs are still not segregated during the flyby, or ii) the BHs are strongly confined within the inner GC regions. Possible differences between these two scenarios would provide interesting insights related to the stellar BHs distribution around heavy SMBHB which are potentially LISA 2 or TianQin (Luo et al. 2016 ) events. Figure 18 shows the spatial density distribution,ρBH, of the BHs population in the case of M = 10 8 M⊙ and eSMBHB = 0.5, for different values of eGC and assuming that BHs are either initially unsegregated or completely segregated. The first interesting outcome of this analysis is that the BH distribution seems to be weakly dependent on its initial level of segregation in the parent cluster. This is likely due to the fact that after the GC disruption the dynamics is completely dominated by the SMBHB, which carves the stellar distribution in its neighbourhood. Assuming M = 10 8 M⊙ and eSMBHB = eGC = 0.5, we found that the total number of BHs bounded to the SMBHB and moving inside the inner 100 pc is ∼ 75% of their total number. Such quantity seems to slightly depend on the BHs initial level of segregation, being up to the 5% larger if the BHs are initially segregated.
Comparing ρBH at different GC eccentricities, we found that a smaller value of eGC leads to a BH distribution flatten within the inner 2 pc around the SMBHB, while a GC moving on a nearly radial orbit would leave a BH population characterized by a steeper profile. In the case of mildly eccentric GC orbits (eGC = 0.5) the BHs distribution can be roughly divided in four part: an inner, nearly flat, region extending up to ∼ 2 pc, an intermediate region (2 − 100 pc) that steeply decreases with a slope ∼ 3, a shallower region out to 300 pc, where BHs can be considered outside the galaxy nucleus and finally a tail sharply dropping to zero, populated by BHs ejected in consequence of their interaction with the SMBHB. This effect is much less evident in nearly radial GC orbits, indeed the BH distribution in this case is well represented by a single power-law with slope ∼ 2.5, although a small core seems forming in the case of mass-segregated BHs (bottom panel in Figure 18 ).
The GC inclination leaves evident differences in ρBH, as shown in Figure 19 . Co-rotation leads to a BHs distribution more peaked in the inner pc, while it is smaller in between 1 and 10 pc with respect to the counter-rotating case, which on another hand is characterized by a nearly flat distribution in this length range.
Interestingly, ρBH seems to be quite independent on the SMBHB mass, while strongly differences are evidenced at varying SMBHB eccentricity, as shown in Figure 20 . We note here that smaller values of eSMBHB leads to steeper ρBH, while if the SMBHB moves on a nearly radial orbit, the resulting BHs distribution develop a core extending up to 5 times the initial SMBHB separation.
The effects of the BH segregation are evident when comparing the BHs cumulative mass distribution, MBH(r), 2 https://www.elisascience.org/ 
e GC =0.5 e GC =0.9 Figure 18 . BHs density profile for e GC = 0.5 (red straight line) and e GC = 0.9 (black dotted line). The SMBHB mass and eccentricity are M SMBHB = 10 8 M ⊙ and e SMBHB = 0.5. In the top panel, the BHs population in the parent GC is assumed to be initially unsegregated, while in bottom it is enclosed within the GC core radius.
which is shown in Figure 21 for several cases. Looking at the top panel of the figure, showing MBH(r) assuming different level of segregation, it is evident that an unsegregated population of BHs is characterized by smaller values of MBH(r) at distances between 1 and 10 pc from the SMBHB, while the two trends converge both at small and large length scales. The bottom panel compares MBH(r) in a counter and co-rotating cases, assuming different level of segregation. Clearly the GC inclination play a significant role, leading to a more concentrated BH population in the co-rotating case, while the BH segregation seems to not play a significant role in this case. Our results suggest that the distribution of compact remnants around the SMBHB can tell something about its orbital properties. In this regard, low mass X-ray binaries represents ideal candidates to enlighten the SMBHB surroundings and provide useful insights on the properties of massive galactic nuclei. They are usually observed in galactic nuclei and dense star clusters (Tauris & van den Heuvel 2006) and have sufficiently long time-scales ( 10 9 yr) to be observed even in old galactic nuclei. Moreover, they can be connected to GCs orbital decay as recently shown in several papers (Brandt & 
DISCUSSION
SMBHB coalescence
The SMBHB long-term evolution will be determined by a combination of two mechanisms: the continuous interactions with stars moving within the SMBHB loss-cone and GWs emission, which causes energy and angular momentum loss. shown that in the case of "full-loss-cone" regime, i.e. characterized by a hardening rate consistent with the value expected from an undepleted field of stars, the SMBHB semi-major axis and eccentricity time evolution can be obtained solving the coupled system of differential equations:
Gualandris
The first term is the variation due to stellar interactions, whereas the second term is due to GW emission. The semimajor axis evolution due to stellar encounters can be expressed as
provided that the binary hardening rate s is nearly constant, while the GW term is given by
with F (e) = (1 − e 2 ) −7/2 (1 + 73/24e 2 + 37/96e 4 ); (17)
The eccentricity evolution regulated by stellar encounters and GW emission, instead, is given by
where
Integrating the system of coupled differential equations 15, 16 and 20 allows determining the long term evolution of the SMBHB under the assumption that the binary evolve in the full loss-cone regime. We found that in all our models characterized by MSMBHB = 10 8 M⊙ the perturbations induced by the infalling GC are inefficient in determining the SMBHB merging. Even in the case of lower MSMBHB, the coalescence requires more than 10 Gyr if the SMBHB is initially characterized by zero eccentricity.
On another hand, we found that the coalescence occurs on relatively short time-scales if eSMBHB > 0, MSMBHB = 10 7 M⊙ and the GC moves on a retrograde orbit. The time over which the merging occur is 50 − 350 Myr, depending on the GC and SMBHB initial eccentricities. Our results find a nice agreement with earlier theoretical studies focused on the effect of massive perturbers, such as giant molecular clouds, on the SMBHB shrinking process (Perets & Alexander 2008) . Figure 22 shows a comparison between two different models with eSMBHB = 0.5 and different eGC. We note that when the GC moves on a nearly radial orbit its impact on the SMBHB evolution is less effective, determining a slower decrease of aSMBHB and increase of eSMBHB.
The coalescence process changes significantly depending on the mutual inclination of the GC and the SMBHB orbits. Indeed, in the case of a prograde orbit, the shrinking is much slower due to the decrease of the SMBHB eccentricity. Figure  23 shows how the SMBHB parameters evolve for a prograde and retrograde cases. Note that the merging time-scale in the retrograde case is 3 order of magnitude smaller than in the prograde configuration, thus confirming the importance of the orbital inclination of the infalling GC.
Comparing all the models in which the coalescence occurs within 10 Gyr, we found that the merging time depends on the product (1 − eSMBHB)(1 + eGC), as shown in Figure 24 . We fitted the relation with a simple powerlaw
β . The best fit parameters are A = 447±20 Myr and β = 1.0±0.1, thus suggesting that the merging time scales linearly with this combination of the GC and SMBHB eccentricities. Clearly, a larger number of models would be required to confirm and refine the fitting formula in terms of SMBHB mass and initial semi-major axis, which here are not taken into account.
Since the maximum value possible for [(1−eSMBHB)(1+ eGC)] = 2, i.e. both the SMBHB and GC moves on a circular orbit, we can put an upper limit on the SMBHB merging time-scale tmer ≃ 2A = 894 Myr in the case of an equal mass binary with total mass MSMBHB = 10 7 M⊙ and initial apocentre ra = 1 pc.
Promptly after the merger, the resulting SMBH is expected to get a recoil kick due to anisotropy GW emission (Herrmann et al. 2007a,b) , whose amplitude depends on the total spin and the ratio between the SMBHB reduced and total mass ηSMBHB = µSMBHB/MSMBHB For an equal mass SMBHB for maximally rotating SMBHs with aligned spins, the recoiling velocity can be as high as 2000 km s −1 (Schnittman & Buonanno 2007) . In such a case, the resulting SMBH will be ejected from the galactic centre while, at lower kicks, the SMBH displacement can carve the galaxy nucleus, leading to the formation of an extended core (Campanelli et al. 2007 )-
NSC detectability
As we have shown in Section 3.2, only a tiny amount of the GC mass is dispersed around the SMBHB after the scattering. However, it is quite difficult to determine whether a NSC can emerge from the galactic background if several GCs infall repeatedly onto the galactic centre. Following , we used our simulations determine whether the GC debris may leave observable signatures in the galactic nucleus. We focused on the two models characterized by MSMBHB = 10 7 M⊙ and eSMBHB = 0.5 and both eGC = 0.5 and eGC = 0.9. We investigated the effect of these two GCs on the galactic nucleus following a three step procedure:
(i) we simply mixed up the snapshots of the two simulations, rescaling both of them in the SMBHB centre of mass to ensure a correct overlapping; (ii) we randomized their orbits through a rotation along the three axis;
(iii) we duplicated n times each cluster, in order to study how the debris distribution changes at increasing GC number.
For each of the three steps in the procedure, we calculated the surface density profile and the surface density map of our models, adding to the whole system the galactic background in form of live particles. This simple choice allows to calculate the overall 2D density distribution Σ(R), which easily allows to determine whether a NSC emerges from the galactic background. Clearly, this approximation allows us to infer the effect of multiple GCs deposited around the binary, although this is a rough approximation that does not take into account possible differences related to the mutual orientations of the SMBHB and GC orbital planes. Figure 25 shows the surface density map, and its radial profile, in the simplest case of complete overlap between the model with eGC = 0.5 and eGC = 0.9. In this case, the two GCs moved on a co-planar orbits and their debris mixed up in the galactic centre, giving rise to an evident disc distribution around the SMBHB. This is reflected in the surface density profile, which shows an evident decrease toward the galactic centre.
Clearly, such an effect is mostly due to the line-of-sight. In Figure 26 we show how the galactic centre would look-like at varying the angle of view. In the case of a nearly faceon observation, and that the two infalling GCs move on the same plane, the galactic centre would exhibit an evident disc configuration, with the central hole extending roughly up to the SMBHB separation. The corresponding surface density profile increases steeply within 1 pc, while outside such length scale decreases smoothly following the galaxy background. On another hand, an edge on view would "mask" the disc structure, leading to a surface density that increases toward the galactic centre. In both the cases, it seems evident the presence, at ∼ 10 pc, a transition from the inner density profile, dominated by the GC debris, and the outer, dominated by the galactic background. The surface map allows to spot the possible presence of the GCs core remnants, although these features are expected to dissolve on several GC crossing times O(∼ 100Myr).
The global density profile is expected to increase at increasing GCs number, possibly affecting the morphology of the galactic nucleus structure. Figure 27 shows the surface density map and radial profile in the case of 4 or 6 subsequent GCs infall. As stated above, since the computational complexity of such a problem is overwhelming even for stateof-art computational hardware and software, we simply overlapped several snapshot of the same GCs changing the GCs angle of view. In this case, we selected 3 different angles for the model with eGC = 0.5 and 3 for model eGC = 0.9. The plot shows a clear cored distribution of the galaxy density, highlighting the complete absence of any overdensity ascribable to a NSC. The surface density map shows a complex morphology characterized by the GCs core remnant and their debris sparsed around the trajectory.
Interestingly, it seems that a larger number of merger events lead to a cored central density, making hard to identify any NSC in the galactic centre and even masking the presence of an SMBHB. On another hand, it seems that the core size extends roughly up to the SMBHB semi-major axis, thus giving an alternative possibility to spot the SMBHB presence from the observed surface density profile.
THE FATE OF THE MILKY WAY AND ANDROMEDA SMBHS
Over the next ∼ 4 Gyr, the Milky Way is expected to collide with its twin Andromeda, leading to the formation of Milkomeda (Cox & Loeb 2008) . In consequence of this catastrophic event, the two SMBH hosted in both galaxies are expected to bind together and form an unequal mass SMBHB. While the MW SMBH (Sgr A*) has a mass MSgrA * = 4.5 × 10 6 M⊙ (Ghez et al. 2008; Gillessen et al. 2009; Schödel et al. 2014) , the Andromeda SMBH is much heavier, MM31 = 10 8 M⊙ (Bender et al. 2005) . The galaxy merger is expected to trigger a burst of star formation, possibly leading to massive star clusters that eventually undergo orbital segregation and impact over the newly formed SMBHB. The solar system and the Earth will be pulled on a wider orbit, extending outside 20-40 kpc from the Milkomeda centre and likely will inhabit one of the long tidal tails formed during the merger. Milkomeda is expected to be a massive elliptical galaxy with properties similar to our galaxy model, thus representing a perfect example to be explored with our simulations.
In order to determine whether future astronomers will have the possibility to witness from a preferential location a SMBHB merger, we simulated the evolution of the Milkomeda SMBHB, assuming eSMBHB = eGC = 0.5. We carried out our model up to 30 Myr, evolving the subsequent evolution of the SMBHB semi-major axis and eccentricity following the treatment described in Sect. 3.1. Our results are shown in Figure 28 . We found that the GC-SMBHB energy exchange is extremely efficient, causing a steep increase of eSMBHB after ∼ 10 Myr. This increase drives the SMBHB to coalesce in ∼ 200 Myr, a time much shorter than the whole galaxy-merger time-scale.
Due to the small ratio between the SMBHB reduced and total mass, ηSMBHB = 0.041, the post-merged SMBH is expected to receive a small kick v k ∼ 10 − 50 km s −1 even for maximally rotating SMBHs Schnittman & Buonanno (2007) , thus suggesting that the Milkomeda will continue its life as a massive elliptical galaxy hosting a central SMBH.
CONCLUSIONS
This paper presents accurate simulations of the interaction of a massive globular cluster with a massive binary black hole orbiting in the host center. The main results of our work ca be summarized as follows:
• an infalling GC moving on retrograde orbit with respect to the SMBHB may induce a contraction of the SMBHB semi-major axis of more than 15%, while on prograde orbits the contraction is limited to 10%; at the same time, SMBHB eccentricity grows for a counter-rotating GC while decreases for a co-rotating one, although with different rates in dependence on the initial GC orbit eccentricity;
• the GC is almost destroyed by the close encounter with the SMBHB, leaving debris around the SMBHB with a distribution in the angular momentum space quite different in retrograde and prograde orbits. This can have implications for detecting signature of recent GC-SMBHB interactions in galactic nuclei;
• a small fraction of GC stars pass near enough to the SMBHB to be tidally disrupted, giving a TDE rate 7 × 10 −6 events per yr, a order of magnitude smaller than the estimates provided for galaxies hosting single SMBHs;
• the distribution of compact remnants, either BHs, NSs or WDs, delivered by the infalling cluster around the SMBHB depends on the SMBHB eccentricity, implying that it is possible to use, for instance, the distribution of low mass X-ray binaries to infer the possible properties of the SMBHB;
• when M sbh = 10 7 M sun, we demonstrated that,in some of the cases studied, the long term evolution of the GC debris around the SMBHB can drive its coalescence within a Hubble time. In particular, we have found a simple relation connecting the GC and SMBHB eccentricities with the merger time-scale;
• the GCs debris may leave an observational fingerprint in the galaxy surface density profile. The properties of such fingerprints depend primarily upon the GCs initial conditions. In particular, Fig. 24 and 25 show that if several clusters reach the galactic centre they can give rise to a peculiar trend in the surface density and, in a few cases, lead to nuclear cluster or nuclear disc-like features;
• we explored the possibility that the Milky Way and Andromeda SMBHB will coalescence in the nucleus of the resulting galaxy Milkomeda. We found that a massive perturber moving on a mildly eccentric orbit can boost the SMBHB eccentricity increase, leading to coalescence in ∼ 5 Gyr from today, provided that the Milkomeda SMBHB will have a non-zero eccentricity during the interaction. Figure 26 . Surface density map (left panels) and radial profile (right panels) for different GCs configurations. Figure 27 . As in Figure 26 , but assuming that the number of homologous GC infall is 4 (top panels) and 6 (bottom panels). . Semi major axis and eccentricity of our simulated Milkomeda SMBHB. The red points labels the simulation data, while the straight line at times > 30 Myr represents the extrapolation performed solving Eq. 14.
